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INTRODUCTION
Water transport systems are generally collection of components (networks of rivers, streams, channels and dams) which may stock and carry water from sources to receiving environments (sea, river basin, etc). These systems in general are very large (hundreds or thousands of kilometres) and during the transport of water many measured or unmeasured disturbances may occurred: rainfalls, irrigation needs for agriculture purposes as a result of the intensive cultivation of farmland, water supply for town needs, etc. These disturbances influence the flow rate of the system at different geographical points. Therefore the objective of controlling the outflow of the detention tanks to assure a minimum ecological flow rate in the river is a main issue.
Advanced water transport systems can benefit from the incorporation of optimal predictive control of dams since they allow guaranteeing the control objectives satisfaction.
On the one hand, dams store important volumes of water with its associated inlet and outlet gates installed, as well as other flow-control devices, such as diversion gates, weirs and pumping stations. On the other, a telemetry and supervisory control system (SCADA) is required.
The telemetry system contains rain-gauges distributed in several areas of the networks, as well as flow or level meter (limnimeters) and quality meters in the main points of the transport systems, which periodically send information to a central dispatch. The supervisory control system allows operators to monitor the transport network and command the flow-control elements. Dams are used to store water during rain periods and gradually release it when the network is not overloaded. Flow-diversion and detention gates must be actuated so as to assure the ecological flow in different points of the river. scheme is composed by a set of gates operating along a series of pools. Each pool is seen as a system controlled by its upstream gate. In order to derive each individual controller, a predictive control algorithm is formulated, which computes the desired upstream gate discharge to achieve a desired setpoint downstream level. The predictive control algorithm is based on the so-called Muskingum model to describe the hydraulic dynamics of each pool. In order to achieve the desired upstream gate discharge, a proportional-integral (PI) control is adopted to manipulate the gate opening by using local feedback information. 
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The structure of the paper is as follows: First, optimal predictive control and its application to water transport systems is revised. Then, the description of the case study dam-river system as well as the high-fidelity simulator developed is presented. Using identification techniques and historical data records available from this system, a control oriented model is developed either for the different river reaches as for the farmer demands and rainfall/runoff water incomings.
OPTIMAL PREDICTIVE CONTROL OF WATER TRANSPORT SYSTEMS

Control-oriented model
Complex non-linear hydrodynamics models based on SaintVenant equations are very useful for off-line operations (calibration and simulation) of the water network, but for on-line computation purposes, such as the optimal predictive control, a simpler model structure must be selected with the following features, such as reproducibility of the network behaviour, simplicity, expandability and adaptability to on-line calibration from real data. In the literature several linear time-invariant (LTI) models for control have been proposed: the Hayami model (Litrico & Georges 1999a,b) , the Muskingum model (Gó mez et al. 2002) , the IDZ model (Litrico & Fromion 2004) or black-box models identified using parameter estimation (Weyer 2001) . In this paper, the modelling approach used to model the water transport system used as a case study is this last one.
Optimal predictive control strategy
The optimal control goals in transport water systems are generally concerned with environmental protection, in particular, ecological flow in all the points of the river.
The objective of applying optimal control is to compute, ahead of time, feasible strategies for the actuators in the network which produce the best admissible states of the network, in terms of these objectives, during a certain horizon ( Figure 1 ). The control period must be defined taking into account the telemetry system sampling time and the time constants of the actuators in the network.
The optimization horizon must be selected considering the hydraulic time constants of water transport system. The computation of the optimal predictive control set-points to be applied at the actuators is based on model predictive control (MPC) (Camacho & Bordons 1999; Maciejowski 2001 ). In MPC, at each sampling time, starting at the current state, the following open-loop optimal control problem over a finite horizon H p is solved on-line
subject to:
As a result a virtual control input sequence ðuð0jkÞ; … ; 
SIMULATION RESULTS
Control oriented model
To implement the optimal predictive controller to allow optimally managing the Arrê t-Darré /Arros system, a control oriented model has been developed using a black box modeling approach and systems identification techniques.
The whole control oriented-model includes: an upstream/ downstream flow model of each river pool, a rainfall/runoff transformation model to predict the inflow rain water entering in to each river pool and a water demand model in each extraction.
River pool models
The Arrê t-Darré /Arros system can be decomposed in three pools: Gourgue-Moulé dous, Arrê t-Darré -Villecomtal and Villecomtal-Juillac. Using input/output data obtained from the high-fidelity simulation and the MATLAB Identification Toolbox (in particular, the "ident" tool), the best model structure and parameters has been found for each pool. The three linear models obtained are presented in Table 1 . 
Rainfall-runoff prediction-models
The objective of a rainfall-runoff model is to characterize the behaviour of a particular watershed in case of rain.
The relationship between rainfalls and runoffs is a very 
Farmer demand models
In order to forecast irrigation needs, several models have been developed. The first approach is based on the principle of soil's water balance (Wallach et al. 2001; Popova et al. 2006) . However, the tank model parameters are difficult to tune and need a lot of information. The second approach consists in stochastic simulation (Bergez et al. 2004) or behavioural simulation (Leenhardt et al. 2004a,b) . In this case, the state of the plants and their evolution during a season in each exploitation are also difficult to estimate. For the case study, a behavioural model of farmer's withdrawals has been implemented using the rules of good practices of irrigation. It allows for estimation of the irrigation quantities and the times of withdrawal.
Optimal predictive controller implementation
Using the MATLAB MPC toolbox and, in particular, the "mpctool", an optimal predictive controller has been implemented. The MPC parameters have been configured in order to achieve the objectives of the control system by tuning the weights through several simulations using a 
MPC simulation results
Three different simulations scenarios have been prepared to show how the MPC controller performs corresponding to several farmer withdrawals and rainfall/runoff supplies affecting the river flow.
Scenario 1
This scenario shows how the MPC controller is able to track the set-point flow at Juillac control point while guaranteeing 
